Recurrent urinary infections are a common problem for women of all ages. Risk factors for urinary infection differ for pre-and postmenopausal women. Management strategies are well established, and include treatment of the acute symptomatic episode, and decreasing the frequency of subsequent episodes. This update focuses on the management of acute uncomplicated urinary infection, the most common bacterial infection in women.
Recurrent urinary infections are a common problem for women of all ages. Risk factors for urinary infection differ for pre-and postmenopausal women. Management strategies are well established, and include treatment of the acute symptomatic episode, and decreasing the frequency of subsequent episodes. This update focuses on the management of acute uncomplicated urinary infection, the most common bacterial infection in women.
Urinary tract infection is bacterial infection of the bladder or kidneys. Acute uncomplicated urinary infection, also commonly called acute cystitis, is symptomatic bladder infection which occurs in women with a normal genitourinary tract [1] . Common symptoms are dysuria, frequency, urgency, and supra-pubic discomfort. Acute nonobstructive pyelonephritis is kidney infection, usually presenting with costovertebral angle pain and tenderness, often with accompanying fever or lower-tract irritative symptoms. Complicated urinary tract infection is urinary infection which occurs in a functionally or structurally abnormal urinary tract. Urinary infection may be asymptomatic, also known as asymptomatic bacteriuria, when the urine culture meets quantitative criteria for bacteriuria with no symptoms or signs attributable to infection. This update focuses on the management of acute uncomplicated urinary infection, the most common bacterial infection in women.
Recurrent urinary infection may either be relapse or reinfection. Relapse is recurrent infection caused by an organism which has persisted within the genitourinary tract and re-emerges following antimicrobial therapy. Reinfection is recurrent infection with an infecting organism which has ascended into the bladder from the normal flora of the genitourinary mucosa. Relapse is characterized by isolation of the same strain prior to and following therapy, whereas reinfection is generally characterized by isolation of distinct strains. For women with acute uncomplicated cystitis, however, the same strain is isolated from 30-50% of early post-treatment reinfections. Presumably, this strain has persisted in the colonizing flora [2, 3] .
Incidence & morbidity
Acute uncomplicated urinary infection is the most common bacterial infection that occurs in healthy young women. Most women experience at least one episode of urinary infection in their lifetime, and as many as 15% of sexually active women have an infection in a given year [4] . A substantial proportion of these women have recurrent infection. The frequency of recurrent infection varies widely among different women, or for the same woman at different times [5] . Ikaheimo followed 179 women from 17 to 82 years old who initially presented to a family physician with acute cystitis; 88 (43%) had at least one episode of urinary infection during 12 months follow-up, 13% of subjects had two episodes, and 5% had three or more episodes [6] . The infection rate was 0.73/patient-year. Foxman and colleagues followed 224 university students for 6 months after a first episode of acute cystitis; 53 (24%) had culture-confirmed infection during follow-up [7] . Stamm and colleagues described 51 women with recurrent infection followed for 1-15 years (mean age 46 years) at a specialty ambulatory clinic [5] . The rate of infection during observation was 2.6 episodes per patient-year (range 0.3-7.6/year). In a group of 799 postmenopausal women in a Seattle Health Maintenance Organization (HMO) followed for 1 year, 0.07 episodes of cystitis/person-year were reported, with 7% of women experiencing one infection, 1.6% two, and 1% three or more [8] .
A woman with frequent recurrent urinary infection may experience substantial social and professional disruption attributable to symptomatic episodes [9] . Recurrent episodes of acute cystitis are not, however, associated with long-term morbidity such as renal failure, genitourinary cancer, or increased mortality. Women who experience acute uncomplicated urinary infection are also at risk for acute nonobstructive pyelonephritis [10] . The frequency of pyelonephritis compared with cystitis was estimated to be 18 to 1 in an American study [5] and 29 to 1 from Finland [6] .
Pathogenesis

Host factors
Recurrent urinary infection is attributable to both genetic and behavioral factors (Table 1 ). The individual propensity to recurrent infection is lifelong, and any history of prior urinary infection is highly predictive of subsequent infection [11, 12, 16, 17] . Many women experience their first infection as a girl, although the peak onset is during the young sexually active age [11] . Women with recurrent urinary infection are more likely to have first-degree female relatives -sisters, mothers, daughters -who also experience recurrent urinary infection, than women without infection [11] . Some of this genetic propensity is explained by women with recurrent infection being more likely to be nonsecretors of the blood group substances, leading to altered binding of Escherichia coli to epithelial cells [15, 16] . There must be additional genetic attributes not yet characterized that also promote urinary infection.
Sexual activity and the use of spermicides for birth control are the two most important behavioral factors [9, 12] (Table 1) . Together, these account for most episodes of recurrent acute uncomplicated urinary infection in premenopausal women. Women who have been sexually active within the past month are six-times more likely to present with infection compared with women who are not sexually active [11] . There is a dose-response relationship between sexual activity and frequency of urinary infection among young women [12, 14] . Sexual intercourse appears to facilitate the ascension of colonizing periurethral organisms into the bladder -30% of women have at least a one log increase in bacteria in the bladder immediately following intercourse [19] . These organisms are usually rapidly removed by voiding, but some will persist and cause symptomatic infection. A woman with a new sexual partner also has an increased risk of infection [10, 11] . This association has been attributed to acquisition of new uropathogens, but increased frequency of intercourse likely also contributes.
The normal flora of the vagina is lactobacillus predominant. These organisms produce hydrogen peroxide and maintain an acidic milieu in the vagina, which prevents colonization by potential uropathogens. Spermicides deplete this normal flora. Women who use spermicides for birth control have an increased vaginal pH and increased colonization with potential uropathogens, particularly E. coli [20] . Sexually active young women who use spermicide for birth control have a five-times greater rate of infection compared with nonspermicide users [12] . There is a dose-response relationship between frequency of spermicide use and infection [12] . Diaphragm use may also contribute to infection, irrespective of concomitant spermicide use, but as most diaphragm users also use spermicide it is difficult to quantify the additional risk attributable to the diaphragm [7] . The birth control pill or condom without spermicide are not associated with increased urinary infection [12, 21] . Many other behavioral factors have been said to contribute to recurrent urinary infection, including taking baths rather than showers, type of underwear, perineal wiping habits after voiding, voiding habits, and type of menstrual protection. Case-control studies which have explored these putative risk factors, however, have consistently found no association with urinary infection [7, 11, 13, 14] . Managing recurrent urinary tract infections in women -REVIEW
The strongest association of recurrent infection in postmenopausal women is a prior history of urinary infection. Sexual intercourse does not persist as a strong association for recurrent urinary infection in postmenopausal women [8, 18] . Other associations include diabetes, the presence of a cystocele, incontinence, and increased postvoid residual urine volume, all of which suggest voiding abnormalities and are more consistent with complicated urinary infection [8, [16] [17] [18] .
Microbiology
Organisms E. coli is isolated from 80 to 85% of infections worldwide, for both initial and recurrent infection [22] (Table 2 ). A necessary virulence factor of E. coli is fimH, a surface adhesin which binds to uroplakin on the bladder surface [26] . This adhesin is widespread in E. coli resident in the normal flora as well as infecting strains. The papG fimbria is a less common virulence factor, and highly associated with acute nonobstructive pyelonephritis. A variety of other E. coli virulence factors potentially contributing to urinary infection have been identified; however, the association of any of these with acute cystitis is minor, and inconsistent among different studies [26] . Multiple virulence factors may be necessary. The second most common organism is a coagulase-negative staphylococcus, Staphylococcus saprophyticus [22] . This is isolated in 5-10% of episodes, and is relatively specific to acute cystitis. It has a seasonal predisposition, and is isolated more commonly in the fall. Other organisms that may be isolated are enterobacteriaceae such as Klebsiella pneumoniae and, particularly in diabetic or pregnant women, group B streptococcus. Proteus mirabilis may occur, but underlying urolithiasis needs to be considered when it is isolated.
Antimicrobial susceptibility
The antimicrobial susceptibility of E. coli strains isolated from women with acute uncomplicated urinary infection has evolved continually since antimicrobials were introduced. Currently, 30-50% of E. coli are ampicillin resistant, and 20-30% are cephalosporin resistant [27] . There is substantial geographic variation in antimicrobial susceptibility. Current concerns relevant to E. coli susceptibility are the relatively recent increase in resistance to trimethoprim/sulfamethoxazole (TMP/SMX), reaching 10-20% in North America [23, 28] , and the still low but increasing flouroquinolone resistance [23] . Extended-spectrum β-lactamase (ESBL)-producing E. coli are also being isolated more frequently from women with acute cystitis [29] . Recent prior antimicrobial use is a consistent association with isolation of more resistant E. coli from women presenting with acute cystitis [30] .
Diagnosis
Clinical
The clinical presentation of acute cystitis is characteristic. Women with recurrent urinary infection are highly accurate in self-diagnosis [31] [32] [33] . Symptoms include acute onset of dysuria, often associated with frequency, urgency, and suprapubic discomfort. Gross hematuria occurs in 10-20% of women. Fever is uncommon and, if present, suggests an alternate diagnosis. The major differential diagnosis for dysuria is urethritis due to sexually transmitted infections including Chlamydia trachomatis, Neisseria gonorrhea, and Trichomonas vaginalis. These infections are usually accompanied by vaginal discharge or irritation, which are not clinical features of acute cystitis [34] . The presence of dysuria and frequency, together with the absence of vaginal discharge, predicts acute cystitis 67-77% of the time [34] . Vulvovaginal candidiasis also presents with dysuria, characterized as external rather than internal, and is often accompanied by pruritus. Vulvovaginal candidiasis is common in women who receive repeated antimicrobial courses, and women with recurrent acute cystitis may have concurrent yeast infection [2] . Women with pyelonephritis may also have lower tract symptoms, but costovertebral angle pain or tenderness is also present, often accompanied by fever.
Urine culture
Isolation of a uropathogen in a quantitative count of ≥10 2 colony-forming units (cfu)/ml from a urine specimen obtained from a woman with consistent symptoms meets the microbiologic criteria for diagnosis of acute cystitis [34] . Between 50 and 70% of women have an organism isolated in a quantitative count of ≥10 5 cfu/ml, and 20-30% have lower quantitative counts. A small proportion of symptomatic women, 10-20%, have pyuria but negative urine cultures. The clinical response to antimicrobial therapy is similar for women with consistent symptoms and pyuria, irrespective of quantitative counts of organisms [24, 35] . The characteristic clinical presentation, predictable microbiology, limitations in interpretation of the quantitative urine culture, and delay in reporting urine culture results for 48 to 72 h have supported a recommendation that a urine culture not be routinely obtained prior to antimicrobial treatment [36] . Most episodes of infection respond to empiric therapy initiated on the basis of presenting symptoms, with or without a test for pyuria [37] . As the current standard antimicrobial regimen is 3 days therapy, the therapeutic course is usually complete before urine culture results are available. A urine specimen for culture prior to antimicrobial therapy is, however, recommended for women with a clinical presentation suggesting acute pyelonephritis, complicated urinary infection, or who are pregnant [37] . Urine specimens for culture should also be obtained if there is diagnostic uncertainty, and from women with failure of therapy or early recurrence (within 4 weeks), when a resistant organism is more likely.
Recommendations to limit pre-therapy urine cultures are, however, controversial. Not obtaining a urine culture may result in overdiagnosis and unnecessary antimicrobial treatment [38] . In addition, if urine cultures are not obtained uniformly from all women presenting with uncomplicated infection, urine cultures which are obtained will over-represent women with complicated urinary infection or treatment failure. These women are more likely to have infection with organisms of increased antimicrobial resistance. The prevalence of resistance may then be overestimated in laboratory-based surveillance of urinary isolates, promoting the use of empiric therapy with more costly or broad-spectrum agents [39] .
Urinalysis
Pyuria is universally present with symptomatic infection. The presence of pyuria supports the diagnosis of acute uncomplicated cystitis. A rapid screening test for pyuria, with or without concomitant screening for nitrites, is often used to support institution of empiric antimicrobial therapy for symptomatic women [34] [35] [36] [37] [38] . Patients presenting with symptoms consistent with acute cystitis but without pyuria should have urine specimens obtained for culture.
Treatment
Empiric therapy
The goals in management of women with recurrent acute uncomplicated urinary infection are to treat symptomatic episodes promptly, and to limit social and professional disruption by limiting the frequency of episodes. Obviously, any management strategy must be acceptable to the patient and cost effective.
The natural history of untreated acute uncomplicated cystitis is resolution of symptoms and bacteriuria. By 6 weeks following the onset of symptoms, at least 50% of untreated women are asymptomatic, and 47% are free of bacteriuria [35, 40] . Treatment of symptomatic infection will, however, lead to a more rapid resolution of symptoms.
Current antimicrobials recommended for empiric treatment of acute episodes of cystitis are listed in Table 3 . A specific regimen is selected considering patient tolerance and local antimicrobial resistance prevalence. Short-course therapy of 3 days is preferred. The relatively short course is associated with fewer adverse effects, lower costs and, possibly, less emergence of resistance in normal flora. However, for women with prolonged symptoms prior to treatment (> 7 days) or recent previous infection, a longer duration of at least 7 days therapy may be required. It has been suggested that postmenopausal women also require more prolonged antimicrobial therapy, but a recent clinical trial reported similar outcomes with 3 or 7 days ciprofloxacin for postmenopausal women presenting with acute cystitis and no complicating genitourinary factors [41] .
Antimicrobials
Trimethoprim/sulfamethoxazole (TMP/SMX) or trimethoprim (TMP) alone were the mainstay of acute cystitis treatment for several decades. Cure rates are 90-95% for susceptible E. coli with 3 days therapy [25, 36] , similar to cure rates with flouroquinolone antimicrobials [25] . Some countries, including the UK and Sweden, restrict use of TMP/SMX because of concerns about adverse effects from the sulfa. These agents are also considered second line for treatment of pregnant women, and should be avoided in the Managing recurrent urinary tract infections in women -REVIEW first trimester [42] . The major limitation with empiric treatment with TMP/SMX or TMP is the increasing worldwide prevalence of E. coli resistance to these agents [23] . It is recommended that if the local prevalence of resistance in E. coli is greater than 20%, an alternate agent should be considered for empiric therapy [36] .
Flouroquinolones are extensively used for the treatment of urinary infection. The most common are norfloxacin, ciprofloxacin, ofloxacin, levofloxacin, and gatifloxacin. All flouroquinolones appear to be effective for the treatment of acute cystitis, with cure rates of 90-95% with 3 days therapy [25, 36] . Single-dose therapy with flouroquinolones is effective for cystitis caused by E. coli [43] [44] [45] [46] . However, the relatively slow killing of S. saprophyticus in the urine by these agents means single-dose therapy is not reliable for treating infection with this second most common infecting organism [43] [44] [45] [46] . Recent clinical trials have reported single-dose gatifloxacin to be equivalent to 3 days therapy, but these studies have limited information addressing efficacy with S. saprophyticus [47] . Flouroquinolones are well tolerated, but must be avoided in pregnancy. The major concern with widespread empiric use is the potential to promote resistance, which may limit subsequent treatment not only of urinary infection but also other significant infections [39] . Increasing flouroquinolone resistance in community-acquired E. coli is being reported, particularly in Southern Europe [23] . The prevalence of resistance remains low in Northern Europe and North America, but has increased over recent years [28] .
Three antimicrobials which can be considered 'urospecific' agents are of particular interest. These are nitrofurantoin, pivmecillinam, and fosfomycin. All three have indications largely restricted to acute cystitis, and little resistance has emerged in E. coli despite prolonged use in at least some parts of the world [23, 28] . As resistance to TMP/SMX and flouroquinolones increases, these agents may become more attractive for empiric first-line therapy. Some of these agents also appear to be effective for ESBL-producing E. coli.
Nitrofurantoin is effective for the treatment of acute cystitis, but 7 days therapy is required to achieve cure rates of 90% [36, 40] . Cure with 3 days therapy is lower, only about 70-80%, and the efficacy of intermediate durations such as 5 days, is not yet known. Current formulations of nitrofurantoin are well tolerated. This agent is safe in pregnancy, but avoided at term because of a theoretical risk of increased hemolysis of fetal hemoglobin. Nitrofurantoin is not effective for infections with K. pneumoniae or P. mirabilis. Potential explanations for the failure of nitrofurantoin resistance to develop despite prolonged use of the agent include the limited systemic absorption, lack of impact on colonizing gut or vaginal flora, use restricted to lower urinary tract infection, and the necessity for multiple mutations in the bacteria for resistance to develop.
Pivmecillinam is a β-lactam antimicrobial with a unique target, the cell wall Type II peptidoglycan. It is marketed in a limited number of countries, primarily in Northern Europe, and is not licensed in the USA [48] . This agent is effective for empiric treatment of acute cystitis as 3 days of therapy at 400 mg twice daily or 7 days at 200 mg twice daily [24, 49] . It is well tolerated, and safe for use in pregnancy. Fosfomycin is also a unique antimicrobial agent which inhibits the cell wall [50] . It has been used for around 20 years, primarily in Mediterranean countries, and is given as a single dose. Repeated dosing results in a fairly rapid emergence of resistant organisms within the colonizing flora. This agent is somewhat less effective than other regimens, with about 70-80% cure after a single dose, but is safe for use in pregnant women. β-lactam antibiotics including amoxicillin, amoxicillin/clavulanic acid, and cephalosporins have been used in the treatment of acute cystitis but have lower cure rates than first-line antibiotics [36, 49] . They are not generally recommended for empiric treatment. Where the infecting organism is known to be susceptible, and antimicrobial choices are limited because of resistance or patient intolerance, they may be appropriate, given as a 7-day course. These agents are particularly useful for the treatment of pregnant women, as they are safe for the fetus.
Self-treatment
Women with recurrent infection are highly accurate in self-diagnosis based on symptoms, and patient-initiated self-treatment is an effective strategy [31] [32] [33] (Table 4 ). This approach is preferred by some women because it gives an element of personal control in management, and more rapid access to treatment, limiting disruption to daily activities. Studies have consistently reported this strategy is highly effective, with 90-95% cure [31] [32] [33] (Table 4 ). A 3-day treatment regimen is usually provided. Women are advised to contact their physician if there is no response to treatment or rapid recurrence after therapy. This approach is particularly useful for women with relatively infrequent recurrences, or who are concerned about developing infection while traveling.
Asymptomatic bacteriuria
Women with asymptomatic bacteriuria in early pregnancy have a 30% likelihood of experiencing acute pyelonephritis later in pregnancy. This usually occurs at the end of the second or early third trimester, when hormonal effects on the genitourinary smooth muscle are maximal, and obstruction of the ureters from pressure of the fetal head on the pelvic brim may also occur. Acute pyelonephritis at this gestational age carries a high risk of premature labor and neonatal death. Treatment of asymptomatic bacteriuria identified early in pregnancy will prevent about 90% of episodes of pyelonephritis, substantially reducing the risk of premature labor and delivery and other adverse fetal outcomes [51] . Asymptomatic bacteriuria is not an indication for antimicrobial treatment of women who are not pregnant. Women with asymptomatic bacteriuria experience recurrent acute uncomplicated urinary infection more frequently than women without asymptomatic bacteriuria [29] . However, the symptomatic infection is not directly attributed to the asymptomatic infection, and treatment of asymptomatic bacteriuria does not decrease the frequency of symptomatic infection [51] . In fact, antimicrobial treatment of asymptomatic women may increase the short-term risk of symptomatic urinary infection [52] . This may occur because of disruption to the normal vaginal flora with antimicrobial therapy, or by eradication of bacteria which interfere with receptor sites or nutrients in the urinary tract, enabling replacement by more pathogenic organisms. 
Urologic investigation
Women who present with characteristic symptoms and signs of acute uncomplicated urinary infection and respond promptly to empiric therapy do not require further genitourinary investigations. These women virtually never have genitourinary abnormalities which require intervention [53] . Investigations to search for underlying genitourinary abnormalities should be considered for women with infection with a susceptible organism who have failed to respond to therapy, or with repeated early recurrence posttherapy. The clinical presentation should direct the diagnostic strategy, which may include renal ultrasound, computed tomography, cystoscopy or urodynamic studies.
Prevention
Treatment of a single episode of acute cystitis is generally straightforward. The major management challenge is prevention of recurrent urinary infection in women experiencing frequent recurrences. An initial behavioral modification which may be recommended is to avoid spermicide use. Limiting sexual activity is seldom a realistic intervention. There are, however, several effective strategies which may be recommended, and several other approaches being evaluated.
Antimicrobial prophylaxis
The effectiveness of low-dose prophylactic antimicrobials in preventing recurrent acute uncomplicated urinary infection is well established ( Table 5 ). While most clinical trials which support this approach were reported some time ago [54] , one recent publication confirms the continuing efficacy of nitrofurantoin for prophylaxis [55] .
Long-term low-dose prophylaxis is 95% effective in preventing symptomatic episodes [56] . Antimicrobials such as TMP/SMX and flouroquinolones eradicate potential uropathogens from the gut and vaginal flora -the reservoir for infecting organisms. A second mechanism of action appears to be intermittent sterilization of the urine, as nitrofurantoin has no impact on colonizing flora but is as effective as TMP/SMX for prophylaxis [56] . Antimicrobial prophylaxis may be given daily or on alternate days, usually at bedtime. The initial duration of therapy is generally 6 months to 1 year. Low-dose prophylaxis has continued efficacy when given as long as 2-5 years in selected patients [57, 58] . Postcoital prophylaxis, given as a low dose immediately post intercourse, is also effective. The choice of long-term low-dose or postcoital prophylaxis is determined by individual preference and patient lifestyle. If a woman is taking prophylaxis and experiences a symptomatic episode, the infecting organism is likely resistant to the prophylactic antimicrobial [58] . An antimicrobial from a different class should be selected for empiric therapy in this setting. When prophylaxis is discontinued, the frequency of recurrent urinary tract infection is similar to that of the preprophylaxis period [54] . Thus, prophylaxis does not alter the long-term natural history of recurrent urinary infection. The goal is to manage a woman through a period of frequent recurrent infection, until a period of less frequent infection is achieved.
Cranberry products
The use of cranberry juice to treat or prevent urinary infection has been a popular recom- mendation for many years. Proposed mechanisms of efficacy include an antiseptic effect of hippuric acid, blocking of urothelial E. coli receptors, or decreased bacterial fimbrial production [59] . In two studies of women with frequent recurrent urinary infection, cranberry products as juice or tablets decreased the frequency of recurrent infection by about 30% [60, 61] . However, a more recent prospective study reported no decrease in frequency of infection with cranberry juice [62] , and a casecontrol study also found no decrease in infection for women with increased use of cranberry products [7] . A recent comprehensive review concluded that while there is some suggestion of a preventive effect with cranberry products, the optimum dose or method of administration is not known, and there may be problems with long-term tolerability [63] . This review concluded that further studies are needed before this approach can be recommended. Thus, the role of cranberry products in the management of recurrent urinary infection remains unclear.
Probiotics
Recurrent acute uncomplicated urinary infection is associated with disruption of the normal vaginal flora. The hydrogen-peroxide-producing lactobacilli which maintain an acidic environment are depleted, allowing overgrowth of potential uropathogens, including E. coli and yeast species [54] . A proposed approach to management of recurrent urinary infection is to reconstitute the normal vaginal lactobacillus flora through a probiotic [59] . There has been substantial popular enthusiasm for this approach as a 'natural' method which avoids antimicrobial therapy. Despite this enthusiasm, and substantial work in this field, there is currently no evidence that this approach is effective. Orally administered Lactobacillus rhamnosus GG does not effectively colonize the vagina [64] . A prospective, randomized placebocontrolled trial which evaluated this product found no benefit in preventing urinary infection [60] . Further clinical trials with alternate candidate Lactobacilli spp., exploring oral or vaginal administration, may be appropriate.
Estrogen therapy
The postmenopausal period is associated with estrogen deficiency of the genitourinary mucosa. The vaginal flora is altered in the presence of estrogen deficiency, with a decline in lactobacilli, increased pH, and an increase in colonization with potential uropathogens such as E. coli [65] . Estrogen replacement has been proposed to lead to a more 'premenopausal flora', and protect postmenopausal women from recurrent urinary infection. The clinical evidence to support an efficacy of estrogen replacement is, however, conflicting. Two prospective, randomized trials of topical vaginal estrogen, one with estriol and the other with estradiol, have reported efficacy in preventing urinary infection in postmenopausal women with frequent recurrent infection [66, 67] . The efficacy of estrogen therapy, however, was less than achieved with antimicrobial prophylaxis. A randomized trial using an estriol-containing vaginal pessary [55] , and a prospective observational study of topical estrogen [8] , both reported no benefit. Studies evaluating systemic estrogen, including comparative clinical trials [68] [69] [70] , prospective observational studies [8, 69] and case-control studies [71] , have consistently reported no reduced frequency of urinary infection in women receiving estrogen. In fact, some studies report an increased frequency of infection, potentially attributable to an increased frequency of sexual intercourse in women taking estrogen [8, 71] . Currently, use of topical estrogen solely to prevent urinary infection cannot be recommended. Further longterm studies in selected, well-characterized, postmenopausal women are necessary to characterize the benefits, if any, of vaginal estrogen in preventing urinary infection.
Vaccines
There has been substantial interest in vaccine strategies to prevent recurrent urinary infection in women [59, 72] . Vaccines which have been developed include a whole-cell heatkilled mixture of ten uropathogens administered as a vaginal suppository (Urovac ® ) [73] , oral immunostimulating fractions of 18 uropathogenic E. coli [74] , and a fimH vaccine [75] . In Phase II trials of the whole-cell heatkilled vaccine, infection was prevented in 50% of women with vaccination and continuing boosters for a 6-month period, compared to 25% in women who received placebo or only three initial doses of vaccine without boosters [73] . The study numbers in this trial were small, and actual infection rates in the three groups were not reported. Clinical trials with other candidate vaccines are limited [72] . Currently, vaccination is not an option for preventing recurrent acute uncomplicated urinary Managing recurrent urinary tract infections in women -REVIEW infection, but continuing studies may clarify the potential role of this approach.
Conclusion
Recurrent acute cystitis is an important women's health problem. Frequent reinfections are frustrating and disruptive for many women, although there are no long-term negative outcomes. Management includes appropriate treatment of each symptomatic episode, and institution of strategies to decrease the frequency of infection over the long term. Currently, the most appropriate long-term strategy is antimicrobial prophylaxis for women with frequent infections, or self-treatment for women with less frequent infections. Any management approach should be developed in consultation with the individual woman who experiences recurrent infections.
Future perspective
Antimicrobial resistance will continue to evolve in community E. coli, requiring continuing re-evaluation and alteration of empiric antimicrobial therapy and prophylactic regimens. Urospecific antimicrobials including nitrofurantoin, pivmecillinam and fosfomycin may have a larger role in empiric therapy of symptomatic episodes because of limited development of resistance and lack of cross-resistance for other antimicrobial classes. Evaluation of non-antimicrobial approaches to controlling urinary infection will continue. None of the current suggested approaches, however, seem likely to provide a major advance in management. Fuller characterization of the genetic associations of recurrent urinary infection could lead to identification of additional targets, which may be explored to develop alternate approaches for managing frequent recurrent infection.
Executive summary
Pathogenesis & host factors
Recurrent urinary tract infection is a distressing problem for many women. Factors which promote recurrent acute uncomplicated urinary infection include:
• Genetic propensity, as evidenced by a lifelong predilection to develop infection in many women, and increased frequency in nonsecretors and first-degree female relatives.
• For premenopausal women, major behavioral factors are sexual intercourse and use of spermicide for birth control.
• For postmenopausal women, a history of prior urinary infection is the most important association. Diabetes, voiding abnormalities, and presence of a cystocele, all of which suggest complicated urinary infection, are also associated with recurrent infection.
• Escherichia coli is isolated in over 80% of episodes. Staphylococcus saprophyticus is the second most common organism. Increasing prevalence of antimicrobial resistance in community acquired E.coli requires continual reassessment of antimicrobial management.
Treatment
The usual approach to management is empiric antimicrobial therapy:
• Treatment is initiated based on symptoms, and a urine culture is not uniformly obtained. Urine culture prior to antimicrobial therapy is recommended for women presenting with symptoms of acute pyelonephritis, complicated urinary infection, who are pregnant, when the diagnosis is uncertain, or when there has been a recent failure of therapy.
• The natural history of untreated acute uncomplicated urinary infection is usually resolution of symptoms and bacteriuria, but symptoms are abbreviated by antimicrobial courses.
• Many antimicrobials are effective. First-line agents include trimethoprim/sulfamethoxazole, trimethoprim, flouroquinolones, nitrofurantoin, pivmecillinam and fosfomycin.
• An effective and acceptable approach for many women is short course self-initiated treatment based on recognition of their own symptoms.
• Asymptomatic bacteriuria should be screened for and treated in pregnant women. In nonpregnant women, asymptomatic bacteriuria is benign and should not be treated.
• Women who present with a characteristic clinical presentation and respond promptly to empiric therapy do not require further urologic investigations.
For women with frequent recurrent urinary infection, the major therapeutic challenge is to decrease morbidity due to frequent symptomatic episodes. Current approaches include:
• Long-term low-dose or postcoital antimicrobial prophylaxis.
• Interventions being evaluated, but with uncertain efficacy including the use of cranberry products, probiotics, estrogen therapy for postmenopausal women, and vaccines.
